We present the results of a survey of radio continuum sources near the Galactic plane using the Very Long Baseline Array (VLBA). Our observations are designed to identify compact extragalactic sources of milliarcsecond size that can be used for parallax measurements in the Bar and Spiral Structure Legacy Survey. We selected point sources from the NVSS and CORNISH catalogs with flux densities above 30 mJy and within 1.5
Introduction
The Very Long Baseline Array (VLBA) calibrator search is a preparatory survey for the Bar and Spiral Structure Legacy (BeSSeL) survey (Brunthaler et al. 2011 ) which will study the spiral structure and kinematics of the Milky Way. The BeSSeL survey will determine distances, via trigonometric parallax, and proper motions for methanol and water masers at 6.7 and 22 GHz in several hundred high mass star forming regions in our Galaxy. These results will allow us to locate spiral arms and determine the 3-dimensional motions of massive, young stellar objects in the Galaxy. (for further information about the BeSSeL survey see http://www.mpifr-bonn.mpg.de/staff/abrunthaler/BeSSeL/index.shtml)
Currently the VLBA calibrator search list contains information on compact radio sources from the surveys of Ma et al. (1998) ; Beasley et al. (2002) ; Fomalont et al. (2003) ; Fey et al. (2004) ; Petrov et al. (2005 Petrov et al. ( , 2006 Petrov et al. ( , 2008 ; Kovalev et al. (2007) . Recently Petrov et al. (2011) published the results of a survey of 489 calibrator sources close to water masers in the Galactic plane for the Japanese VLBI Exploration of Radio Astrometry 1 (VERA) project. However, a search for background sources near any given maser target with the VLBA calibrator search tool usually yields a source within about 3
• on the sky. Since transfering interferometer phases over such a large angular distance often provides poor results, such background sources are not always preferable for accurate parallax measurements. Since systematic errors scale approximately linearly with the separation between target and calibrator source, it is valuable to find background sources as close to the target as possible.
This paper presents the results from our calibrator survey. While this survey was tailored for finding compact extragalactic sources for the BeSSeL parallax observations, it should also be useful for other VLBA observations. Also, the compact sources found in this survey should -4 -be useful for future EVLA and ALMA observations. Since, historically, there has been a shortage of good calibrators near the Galactic plane, this survey should be especially valuable for interferometric observations of Galactic sources.
Source Selection and Observation
Point-like sources from the NVSS (sizes < 20 ′′ ) and CORNISH catalogs (provided by Condon et al. 1998; Purcell et al. 2008 ) with flux densities above 30 mJy and within circles with a radius of 1.5
• around the 109 target maser sources formed the survey list. Since a Bessel parallax observation benefits from at least one calibrator with a milliarcsecond-accurate position, we added between 1 and 3 sources from the ICRF2 2 catalog (Fey et al. 2009 ) that were within 5
• of each target maser position. Since some target masers were separated by less than 3
• , a number of candidates were observed 2 or more times and the total areal coverage was ∼ 600 square degrees.
However, the calibrator survey is not complete to 30 mJy, since time restrictions typically allowed observing only the ≈ 25 most promising sources for each target position. Thus, in some search fields, a small number of the weaker and more distant sources were not observed.
In total, 1529 sources were selected for observations with the VLBA. Figure 1 shows the covered area of the survey in Galactic coordinates. The black dots mark the positions of the target masers, the black ellipses represent the circular area on the sky searched for calibrators.
All sources were observed at X-band in left-circular polarization. We used eight 16-MHz bands, with band center frequencies spanning the range from 8109.49 to 8583.49 MHz. The bands were spaced in a minimum redundancy configuration to sample, as uniformly as possible, all frequency differences in order to minimize multi-band delay sidelobes. Each survey source was observed for three minutes. Three strong fringe-finders were observed at the beginning and the end of the 2 International Celestial Reference Frame -5 -typically five-hour tracks.
The data reduction was conducted with the National Radio Astronomy Observatory's 3 Astronomical Image Processing System, using the scripting software ParselTongue 4 (Kettenis et al. 2006 ). In the first step, we corrected the data for the latest Earth Orientation Parameter (EOP)
values. With the AIPS task TECOR, we derived corrections for the ionospheric Faraday rotation from maps of total electron content, which are available in the CDDIS 5 data archive. Then, one scan on a strong fringe-finder was used to solve for single-band delays and to align the phases of all IFs. To remove clock offsets, mini-geodetic block sources were fringe fitted. Next, we determined multi-band delays and fringe-rates for the fringe-finder blocks placed at the beginning and end of the observations. We averaged these values for each block and removed their effects from the survey data. Afterwards, the residual multi-band delays and fringe rates for the candidate sources were modeled as owing to source position offsets and revised positions were determined by least-squares fitting. In addition, we generated plots of interferometer visibility amplitude versus the baseline length by vector averaging the data over each scan for each interferometer baseline in order to determine the source compactness.
Detections
199 candidate sources were detected on at least one VLBA baseline, of which 70 are sources of the ICRF2 catalog and 30 were previously detected by Petrov et al. (2011 Due to overlapping observing fields around the target masers, some sources were observed multiple times. Since the observations took place at different times, the fitted coordinates, uncertainties, and assigned grades can differ among observations. For sources with grades A through D that were observed two or more times, we determined weighted means and standard deviations for the coordinates in Right Ascension and Declination. The formal position variances from the delay and rate fits served as the weights. To guard against unrealistically small variances, which can come from limited data, we established a lower limit of 0.003 ′′ for individual position uncertainties. We found the rms position deviations were generally larger than that expected from the formal position uncertainties, indicating the levels of systematic errors present in our -7 -"snap-shot" VLBA observations.
While most sources that were observed multiple times had the same compactness grade, some borderline cases were found that had mixed grades. Therefore, we assigned numerical grades of 4 through 1 for grades A through D, and obtained an (unweighted) average source grade.
The multiple observed sources were then placed in four groups according to their average grade.
The grade A group contained all sources with numerical grades above 3.5, the grade B group between 2.5 and 3.5, the grade C group between 1.5 and 2.5, and the grade D group below 1.5.
17% of the observed ICRF2 sources have a bad grade (C or D).
Finally, we calculated the average of the individual position standard deviations for all sources in each group. In order to avoid the rare very poor measurement from biasing the average deviation, we discarded individual sources with position standard deviations exceeding 50 mas.
The average standard deviations (global grade errors) serve as empirical indications of true source position uncertainties and are summarized in Table 1 .
The empirically determined position errors for each grade were then used as an "error floor"
for the position errors reported in Table 2 . Since, in this first-pass processing potentially unreliable formal errors were used for weighting, we recalculated the mean coordinates and the standard 
Non-Detections
A total of 1330 objects were not detected with the VLBA. Their coordinates, position uncertainties, and flux densities are extracted from the NVSS and CORNISH point source catalogs (see Table 3 , the entire table will be published in the online version). The non-detected sources could be galactic (e.g. HII regions, SNRs) or extragalactic (e.g. lobes of radio sources). A comparison with catalogs of Galactic HII regions (Kuchar & Clark 1997; Paladini et al. 2003; Quireza et al. 2006) yields less than 50 possible identifications. In order to determine if the remaining objects are likely extragalactic, we estimated the number of detectable extragalactic sources from extragalactic source counts. Since most of the non-detected sources were selected from the NVSS catalog at 1.4 GHz, we used a normalized differential source count at this frequency provided by Condon (1984) . Since most of the sources in our non-detection list have flux densities above ∼ 50 mJy, we chose this value as a lower limit for the source count calculations. Integrating the source number function as a function of flux density from 50 mJy to ∼ 1 Jy yields a predicted value of ∼ 12000 radio sources per steradian. Since our survey covered an area of ≈ 600 square degrees, one would have expected ∼ 1300 detections, which is consistent with our observations. Thus, we assume that most of the non-detected sources are extragalactic.
Concluding Remarks
In this paper, we present the results of a calibrator search for the BeSSeL survey. This manuscript was prepared with the AAS L A T E X macros v5.2. -15 - Note. -Column 1 gives the compactness grade described in the text. Columns 2 and 4 give the number of calibrators (per grade) with position standard deviations smaller than 50 mas. Column 3 and 5 contain the empirically estimated uncertainties in Right Ascension and Declination for each grade.
-16 - and 5 give the coordinate uncertainties, determined from the quadrature sum of the formal fitting errors and the error floors for the appropriate compactness grade. For the grade F sources, the coordinates from the NVSS catalog were used. Column 6 and 7 contain the compactness grades, A through F, as well as the source fluxes. Column 8 gives the number of observations for each source.
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